This study focuses on the characterization of train brake blocks. The brake blocks are an essential organ of train speed control system to ensure comfort and safety to passengers and crew. However, poor quality soles can cause a premature wear of the wheels whose consequences are on the one hand, a damaged brake function, and also high repair costs. Samples were carried out on 3 different batches of brake blocks. Their metallurgical characterization consisted of a study of the hardness and microstructural analysis (microstructures and chemical analyzes) of the different samples. The results show that the hardness of some soles is greater than that of the wheel, mainly associated with a cementite microstructure. This can lead to a premature wear of the wheels at the expense of brake blocks.
Introduction
The braking system is among the most important elements in the rail transport sector. However, poor quality of this system may result, in economic terms, in very high maintenance and repair costs. It can also lead to much more serious security consequences [1] . Hence a good command of their manufacture should be a challenge.
We distinguish two braking modes in the rail transport: the first based on the adhesion and the second independent on adhesion. Our study is focused on the first mode in which the braking force is exerted on contact rails wheels. The braking torque is exerted by the friction of the brake blocks on the wheel: this mechanical braking differs from dynamic braking [2] .
From this point of view, the brake blocks must have appropriate mechanical properties including a good wear resistance and good adhesion. It must also avoid excessive wheel usury, leading to high repairing costs.
Thus, the brake block must be the "fuse" with respect to the wheel [3] .
Our work has focused on the study of the quality of brake blocks used in rail transport in Senegal. It should also be noted that in Senegal, the rail sector is experiencing real difficulties due to the use of obsolete equipment, and old production techniques.
This study is based primarily on the study of the hardness of samples soles, which will be complemented by microstructural characterization.
Braking Block System Description
The braking sole is a system in which the braking torque is exerted by the friction of brake sole on the wheel tread. They are mounted on the soles-holders which rub against the wheel as shown in Figure 1 .
The brake blocks are the first braking system used in the rail transport system. They were used on locomotives and on vehicles. It should also be noted that they are still used for wagons because of their low cost.
The brake block, constituting the contact element, must have a good resistance to wear in the face of the repetitive friction on the wheel. Thus, many materials have been tested for the manufacture of brake block. These are mainly cast iron, composite but also sintered materials.
The samples used in this study are cast iron. They are made from scrap metal. The manufacturing process at the foundry comprises five steps: • Modeling: all the different processes and means used to create a model;
• Molding: manufacture of a mold (in sand) which bears the impression of the part, obtained from the model of the part to be manufactured; • Fusion: production of liquid metal from scrap metal; • Shake-off: recovery of the part after solidification and sufficient cooling; • Deburring: finishing operations.
Methodology
Experiments have been carried out on samples of brake blocks (bb), a raw cast iron alloy (rcia) and a train wheel (wh) as shown in Figure 2 . Vickers hardness measurements (HV) have been carried out too. The hardness measurement denoting the resistance of the material to the penetration of a diamond indenter, is a simple, fast and non-destructive test that evaluates the work hardening and surface heat treatment effect [4] . It may be employed to follow the diffusion kinetics [5] . The microhardness measurements were made with a Duramin microhardness of Struers brand. Macro hardness measurements were made with a Duramin 500.
Results and Discussion
Chemical composition results, microstructural observations and hardness measurements are presented below. These elements have effects on the structures and properties of cast iron.
Chemical Composition
Thus, the silicon increases the carbon activity and increases the carbon diffusion and prevents the connection between the iron and carbon, as to the phosphorus, it readily combines with the iron or the cementite forming a eutectic with a melting temperature is 950˚C with a cold-weakening effect. Note also the formation of cracks and blisters as shown in Figure 4 (c) corresponding to the higher phosphorus content ( Thus brake block 2 carbon content is almost equal to eutectic cast iron. In addition, brake blocks 1, 2 and 3 are not manufactured by the same cast.
Microstructure
The microstructures of the samples are reported in Figure 3 .
Analysis of the micrographs of Figure 3 shows that the brake blocks 1, 2 and the casting are made of gray cast iron having a grey appearance to fracture due to the presence of carbon mainly in the form of graphite [6] [9] [10] . As the brake block 3 is formed of a white cast iron have a white appearance to breakage.
The carbon they contain is combined with the iron and form the carbide form called cementite.
Hardness
Two series of fifteen microhardness measurements (thirty indentations) were made on each sample. Average hardness of the core materials are regrouped in Microhardness profile of brake bloke 1, 2, 3 and of the cast iron alloy is shown in Figure 4 .
Microhardness profile due to friction with the wheel and block brake 1 and 2 is represented in Figure 5 .
Examination of Table 2 and Figure 4 shows that the hardness varied between 258 and 519 HV1 on all the samples tested. We note a slight difference between the brake block 1, the wheel and casting their respective whose hardness is 293, 295 and 302 HV1. The micrographs of Figure 3 wheel. Figure 5 reports the microhardness profile of brake blocks 1 and 2.
The effect of strain hardening of brake block 1 and 2 is highlighted in Figure   5 . This shows that the hardness is greater at the contact surface wheel/brake block up to about 1 mm inside the brake block and then starts to decrease linearly. This increase in hardness is due to the edge of the friction brake block onto the wheel. This hardening weakens and more cured the brake block which weakens its properties [13] .
Analysis of the samples shows defects that are even visible to the naked eye as shown in Figure 6 during the sample preparation. These defects called voids are described as closed or open cavities in walls rough dendritic dispersed or aligned with a sliding extension to heart thicknesses. These voids affect the quality of the molded part.
To avoid these voids, external reservoirs are created. They are called feeders and are used to improve the nutrition of parts which solidify last and also allow Figure 6 . Defaults in the cast iron alloy and respective brake blocks 1 and 3.
directing solidification towards the feeder using coolers [14] .
Conclusions
The study of sample hardness shows that samples can be classified into three categories depending on the hardness of the wheel:
• Hardness lower than the wheel one: brake block 2;
• Hardness substantially equal to that of the wheel one: brake block 1 and the casting; • Hardness greater than that of wheel one: brake block 3.
The microstructural observations show that the samples belong to the family of cast iron.
Thus, the brake shoes 1 and 2 and the casting is gray cast iron while the structure of the brake block 3 is a white cast iron.
However, these results show that the use of the brake block 3 will cause usury of the wheels and therefore we recommend a quality improvement in the production of brake block for a modernization of the smelter.
Thus, cast iron microstructure gray lamellar graphite with a pearlitic structure and hardness of between 170 HB and 230 HB are among the desirable properties for cast iron blocks.
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